We compared the soft-copy images produced by an amorphous silicon flatpanel-detector system with the images produced by a storage-phosphor radiography system for their ability to visualize anatomic regions of the chest. Materials and Methods: Two chest radiologists independently analyzed 234 posteroanterior chest radiographs obtained from 78 patients on high-resolution liquid crystal display monitors (2560 2048 8 bits). In each patient, one radiograph was obtained with a storage-phosphor system, and two radiographs were obtained via amorphous silicon flat-panel-detector radiography with and without spatial frequency filtering. After randomizing the 234 images, the interpreters rated the visibility and radiographic quality of 11 different anatomic regions. Each image was ranked on a five-point scale (1 = not visualized, 2 = poor visualization, 3 = fair visualization, 4 = good visualization, and 5 = excellent visualization). The statistical difference between each system was determined using the Wilcoxon s signed rank test. Results: The visibility of three anatomic regions (hilum, heart border and ribs), as determined by the chest radiologist with 14 years experience (p<0.05) and the visibility of the thoracic spine, as determined by the chest radiologist with 8 years experience (p=0.036), on the amorphous silicon flat-panel-detector radiography prior to spatial frequency filtering were significantly superior to that on the storage-phosphor radiography. The visibility of 11 anatomic regions, as determined by the chest radiologist with 14 years experience (p<0.0001) and the visibility of five anatomic regions (unobscured lung, rib, proximal airway, thoracic spine and overall appearance), as determined by the chest radiologist with 8 years experience (p<0.05), on the amorphous silicon flat-panel-detector radiography after spatial frequency filtering were significantly superior to that on the storage-phosphor radiography.
The picture archiving and communication system (PACS) has recently come into wide use and many hospitals have converted to digital image acquisition systems from the older screen-film systems. Digital systems provide a wide dynamic range, which is preferable for interpreting chest imaging.
Almost two decades have passed since the introduction of the first digital storage phosphor systems in the early 1980s. Moreover, digital flat-panel detectors such as the amorphous silicon flat-panel-detector system have emerged during the recent several years as an alternative to the existing digital storage-phosphor system. Together with the development of digital flat-panel detectors, the imaging processing techniques for digital chest radiography have also been advanced. Further, the post-processing steps greatly affect the image quality of digital radiography.
The purpose of this study was to compare the amorphous silicon flat-panel-detector system with the storage-phosphor system for visualizing anatomic regions of the chest. As a first step, we compared the visibility of the anatomic structures on amorphous silicon flat-paneldetector radiography prior to spatial frequency filtering to that on storage-phosphor radiography for comparing the difference in the image quality that s caused by different types of detectors and also to eliminate the influence of post-processing. As a second step, we compared the visibility of anatomic structures on amorphous silicon flat-panel-detector radiography after spatial frequency filtering to that on storage-phosphor radiography for comparing the inherent image quality of the two systems of equipment.
Materials and Methods

Digital Detector System Description
Posteroanterior chest radiographs were obtained by using two digital detector systems. The storage-phosphor images were obtained (model FCR-9501; Fuji, Tokyo, Japan) by using 35 43-cm imaging plates (model ST-95; Fuji), a 2,048 2,560 (2K [K = 1,000]) 10-bit matrix, and a 0.2-mm pixel size. The amorphous silicon flat-panel-detector system images were obtained (DRS; Listem, Seoul, Korea) by using a 42.6 43.2-cm solidstate detector (Pixium 4600; Trixell, Moirans, France). The detector panel was fabricated on a monolithic glass substrate. An amorphous silicon thin-film transistor array was layered on the glass and it was overlaid with a structured cesium iodide scintillator. X-ray beams were converted to visible light by the scintillator, and the semiconductor-type photoelectric converter detected the visible light. The pixels were square with a 143-m pitch, which yielded an image matrix of 3,001 3,001 (3K) pixels, with 14 bits per pixel. The design configuration was such that the detector was able to be integrated into the existing general radiographic equipment with a Bucky stand without making any major modification.
Image Acquisition and Display
The initial posteroanterior chest radiographs were performed on seventy-eight patients with using the storagephosphor system. Thereafter, the follow-up chest radiographs were performed using the amorphous silicon flat-panel-detector system. Because the Korean FDA has already approved the storage-phosphor and flat-paneldetector systems and there was no additional radiation exposure, approval by the institutional review board was not required. The patients with opacity that occupied one third of their hemithorax on radiographs were excluded from the study. The patient group was primarily composed of inpatients, and 35% of them were women. The patients had radiographs with normal findings (n= 42) or radiographs with one or more abnormalities (n=36).
The storage-phosphor images were obtained with 100 kV and 32 mAs (single pulse), and the amorphous silicon flat-panel-detector images were obtained with 110 kV and 6.4 mAs (triple pulse). All the posteroanterior chest radiographs were obtained with a 10:1 antiscatter grid with a 180-cm focus-detector distance. The digital data were sent to a PACS server (Radmax; MaroTech, Seoul, Korea) and distributed to workstations (Radmax; MaroTech, Seoul, Korea). All the images were downloaded onto a local hard drive of a display workstation before the interpretation began. Each storage-phosphor image was 7.5 MB, and each flat-panel-detector image was 14.5 MB. The 21-inch liquid crystal display monitor with 2,048 2,560 8-bit pixels (MDL 2105A; Totoku, Nagano, Japan) was used in a darkened room. The monitor was operated at a brightness level of about 80 footlamberts. Because our viewing program does not support 14-bit digital images, the gray-scale of the digital images that were obtained with the flat-panel-detector system was modified to 12 bits.
The storage-phosphor images were displayed without spatial frequency filtering because the storage-phosphor system in this study was not equipped with spatial frequency filtering. Two kinds of flat-panel-detector sys-tem images were displayed: one set was displayed without spatial frequency filtering, and the other set was displayed after spatial frequency filtering. In this study, the spatial frequency filtering involved multiscale processing. Multiscale processing was performed on a Listem image-processing workstation. The parameter for multiscale processing was set to a maximum level of five. The interpreters were allowed to adjust the window width and the window level of the images. Because magnification of the images was not allowed, the spatial resolution of each soft-copy image was defined by that of the monitor. The displayed image size on the monitor was the same for both detector systems.
Image Evaluation and Statistical Analysis
All the radiographs were analyzed by two board-certified radiologists (J.M.G. and C.H.L.) whose levels of experience with chest radiography were eight years and 14 years, respectively. Both the observers were accustomed to using PACS. The images were interpreted independently, and each interpreter was blinded to the patients history. The three sets of images (234 total images: 78 storage-phosphor images, 78 flat-panel-detector images prior to spatial frequency filtering, and 78 flatpanel-detector images after spatial frequency filtering) were randomized. Eleven anatomic regions were evaluated on the posteroanterior views. The regions were the unobscured lung, hilum, minor fissure, retrocardiac (A) storage-phosphor radiography, (B) amorphous silicon flat-panel-detector radiography prior to spatial frequency filtering, and (C) amorphous silicon flat-paneldetector radiography after spatial frequency filtering show 11 anatomic regions including the unobscured lung, hilum, minor fissure, retrocardiac lung, subdiaphragmatic lung, azygoesophageal recess, heart border, ribs, proximal airway, thoracic spine and the overall appearance.
lung, the portion of the lung projected below the diaphragm (the subdiaphragmatic lung), the azygoesophageal recess, heart border, ribs, the proximal airway, thoracic spine and the overall appearance (Figs. 1 and 2). Each image was ranked on a scale from one to five: 1 = not visualized, 2 = poor visualization, 3 = fair visualization, 4 = good visualization and 5 = excellent visualization. These responses were recorded and resorted to each system for the statistical analysis. The difference caused by minor position changes (e.g., a minor fissure) was ignored, and the regions were analyzed as they appeared. Wilcoxon s signed rank test was performed to determine any statistical difference. Mean differences were regarded as statistically significant at the conventional level (p< 0.05).
Results
The data for the two interpreters for each anatomic region are summarized in Table 1 . On comparing the amorphous silicon flat-panel-detector radiography prior to the spatial frequency filtering to the storage-phosphor radiography, the visibility of the hilum, heart border and ribs on the flat-panel-detector radiography was significantly superior and the visibility of the thoracic spine was inferior to that on the storage-phosphor radiography, according to the chest radiologist with 14-year experience (p<0.05). The visibility of the thoracic spine on flat-panel-detector radiography was superior to that on the storage-phosphor radiography, according to the chest radiologist with 8 years experience (p=0.036).
For comparing the amorphous silicon flat-panel-detector radiography after spatial frequency filtering to the storage-phosphor radiography, the visibility of 11 anatomic regions on the flat-panel-detector radiography was significantly superior to that on the storage-phosphor radiography, according to the chest radiologist with 14-year experience (p<0.0001). The visibility of five anatomic regions (unobscured lung, ribs, proximal airway, thoracic spine and overall appearance) on the flat-panel-detector radiography was significantly superior to that on the storage-phosphor radiography, according to the chest radiologist with 8 years experience (p<0.05).
Discussion
The digital flat-panel detectors such as the amorphous silicon flat-panel-detector system have emerged in the recent few years as an alternative to the existing digital storage-phosphor system. Moreover, because advanced digital mammography requires refined image quality for interpreting the digital radiography, many image postprocessing methods such as multiscale processing have been developed (1, 2). Flat-panel detector devices have recently come onto the market equipped with spatial frequency filtering such as multiscale processing, and this wasn t available for the old storage-phosphor system. In this study, we compared the amorphous silicon 356 A B C Fig. 2 . A 16-year-old man with a normal chest radiograph. Collimated views of (A) storage-phosphor radiography, (B) amorphous silicon flat-panel-detector radiography prior to spatial frequency filtering, and (C) amorphous silicon flat-panel-detector radiography after spatial frequency filtering show the unobscured lung, the retrocardiac lung and the subdiaphragmatic lung.
flat-panel-detector system to the storage-phosphor system for determining the two systems ability to visualize anatomic regions of the chest. To compare the difference in image quality caused by the types of detectors, other factors such as the steps of spatial frequency filtering that can influence the image quality should be eliminated. Therefore, as a first step, we compared the visibility of the anatomic structures on the amorphous silicon flat-panel-detector radiography prior to spatial frequency filtering to that on the storage-phosphor radiography. As a second step, we compared the visibility of anatomic structures on flat-panel-detector radiography after spatial frequency filtering to that on the storagephosphor radiography. The inherent capability of the two equipment systems could then be compared.
In the present study, the amorphous silicon flat-paneldetector radiography prior to the spatial frequency filtering depicted the anatomic structures on the chest radiographs comparably or significantly better than did the storage-phosphor system. The superiority of the amorphous silicon flat-panel-detector system over the storage-phosphor system was more obvious after perform- Our results support the previous investigations that have compared the diagnostic performance between the amorphous silicon digital flat-panel-detector technology and the storage-phosphor system. Three previous investigations have compared the diagnostic performance of the two systems (3 5). Goo et al (3) reported that the amorphous silicon detector system appears to be superior to the storage-phosphor system for the detection of pulmonary nodules via the evaluation of the soft-copy images. Herrmann et al (4) have reported that the standard-dose amorphous silicon detector system is equivalent to the storage-phosphor system for the depiction of the relevant anatomical structures of the chest. Bacher et al (5) have reported that the amorphous silicon detector system allowed significantly better image quality and a significant radiation dose reduction compared to the storage-phosphor system. Undoubtedly, the investigators in many studies have also established that the amorphous silicon flat-panel-detector system achieves a Note. Statistical analysis was performed with using Wilcoxon s signed rank test. * indicates statistically significant difference SP=storage phosphor system, FPD prior to SPF= amorphous silicon flat-panel-detector radiography prior to spatial frequency filtering, FPD after SPF= amorphous silicon flat-panel-detector radiography after spatial frequency filtering better diagnostic performance than the older screen-film radiography.
The better image quality of the amorphous silicon flatpanel-detector system can be explained in several ways. Image blurring can result from the scattering of X-ray beams, light or both in the detector. When performing storage-phosphor radiography, the grain structure of the detector causes internally generated noise and a lower signal-to-noise ratio, and this can result in deterioration of the image. Light is scattered in the photostimulable phosphor of the storage-phosphor system, and this produces a curved signal profile that blurs the image. Moreover, with using a structured scintillator, as is used in a flat-panel-detector, any light spreading is greatly reduced (6).
The flat-panel-detector systems permit a detective quantum efficiency that exceeds the performance of the storage-phosphor systems (7 9) . There is general agreement that the higher detective quantum efficiency is indicative of superior image quality, at least in terms of the fundamentals of image detection (9) .
One of the major advantages of the digital system is the wide dynamic range of the detector. These characteristics can explain the improved contrast throughout the image and also allow better visualization of the lowcontrast regions, such as the mediastinum. According to a study by Floyd et al (9) , there was not much difference noted on the measurement of inherent contrast sensitivity between the flat-panel-detector and the storage-phosphor systems. However, because the inherent contrast of the two detectors was comparable and because the noise power spectrum of the flat-panel-detector system was far superior to that of the storage-phosphor system, one may conclude that the contrast-to-noise ratio of the former should also be superior to that of the latter (9) .
In our study, the purpose of making comparison between the amorphous silicon flat-panel-detector radiography prior to spatial frequency filtering and the storage-phosphor radiography was to eliminate the influence of the spatial-frequency filtering steps on the visibility of anatomic structures. The flat-panel-detector devices used in this study recently came into market and they were equipped with multiscale processing. However, the storage-phosphor system we used in this study was old one, and it was not equipped with spatial frequency filtering. The flat-panel-detector radiography prior to spatial frequency filtering and the storage-phosphor radiography images in this study underwent automated signal normalization and gradational adjustment steps. Because the post-processing parameters provided by each manufacturer were different, the flat-panel-detector radiography prior to spatial frequency filtering and the storage-phosphor radiography images were not exactly identical for their post-processing state. However, because the major steps were adjusted, the influence of the other post-processing steps is minor and could be ignored.
The important advantage of digital radiography is that the image appearance can be adjusted by using various post-processing techniques. In the current study, the application of spatial frequency filtering significantly improved the visibility of the anatomic structures. Spatial frequency filtering includes a wide range of image processing techniques (1, 2, 10) , and the two most common techniques that are used in digital radiography are unsharp masking or shorter, unsharp masking and multiscale processing (11) . In unsharp masking, low-pass filtering is usually done first by locally averaging the pixel values. The wider the region (kernel size) used for this averaging process, the more blurred is the low-pass image and the spatial frequencies that remain in that image are lower. Any structures that are smaller than the kernel size are almost suppressed and no longer visible on the low-pass image. Second, subtracting the low-pass image from the original yields the high-pass image that contains the details that are suppressed on the low-pass image. Finally, on the final filtered image, various combinations of the original, low-pass or high-pass images can be created in a weighted fashion (11) .
Multiscale processing is a recently developed filtering method. This method has been applied in the digital mammography and it has brought about improved image quality. Multiscale processing decomposes the original image into multiple frequency bands that contain information only from a particular structural size. For filtering, each of these sub-bands can be treated separately, which allows for a wide variety of processing options. Multiscale processing is available under various trade names, for example, MUSICA (Agfa) (2), MFP (Fuji) (10) , and UNIQUE (Philips) (1). Multiscale processing is more flexible than is simple unsharp masking. Size-specific processing is possible by enhancing the individual frequency bands or groups of frequency bands. There are a few reports about the effect of multiscale processing on digital chest radiograph. However, our study suggests that the multiscale processing could improve the visibility of the anatomic structures on amorphous silicon flat panel radiography (11).
In conclusion, the amorphous silicon flat-panel-detector system depicted the anatomic structures on chest radiographs comparably or significantly better than did the storage-phosphor system. The superiority of the amorphous silicon flat-panel-detector system compared to the storage-phosphor system was more obvious after performing spatial frequency filtering.
